ABSTRACT
Introduction
Okra (Abelmoschus esculentus, L.) originated from tropical and subtropical Africa and is natural to West Africa [1] . India is considered as the secondary centre of diversity. In India, okra covers an area of 349.4 thousand hectares with production of 3.66 million tons [2] . Injudicious and indiscriminate application of chemical fertilizers has created serious damages to the soil health, environment and is threatening the health of millions of people throughout the world and more importantly declining the productivity of soil. Sustainable increase in production is possible by adopting integrated fertilizer management which necessitates the use of vermicompost and biofertilizers.
The vegetable production in India is still dominated by locally available genotypes. Therefore, there is a need to use hybrids as well as open pollinated high yielding varieties for enhancing the productivity and at the same time it is highly essential to maintain soil fertility and adopt environment friendly scientific management of chemical fertilizers and organic resources. Thus there is a great scope to replace locally available genotypes with hybrids and open pollinated high yielding varieties with tolerance/resistance to important pest and diseases [3] . Scientific packages on the integrated use of vermicompost and biofertilizers along with chemical fertilizers for successful cultivation of hybrids and open pollinated high yielding varieties is lacking. The present research work was taken up with a view to evaluating the effect of integrated use of diazotrophs and chemical fertilizers on production and economics of okra cultivation.
Materials and Methods
Field experiments were undertaken during the summer 2) Single fruit weight: Mean weight of ten randomly selected fruits of each treatment and replication were recorded, tabulated and expressed in gram (g).
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3) Fruit yield: Weight of total quantity of harvested fruits per plant for each treatment and replication was measured and the yield per hectare was calculated and expressed in q ha −1 .
Economics of Okra Cultivation
Cost of cultivation was calculated on the basis of prevailing market prices and inputs used in cultivation of okra. The produce obtained from different treatments was converted into gross return (Rs. ha −1 ) by multiplying the produce with the whole sale market price. Net return from the produce was calculated by deducting the cost of cultivation from the gross return. The benefit cost ratio, which implies the return per rupee invested, was worked out for different treatments by dividing the gross return with the corresponding cost of cultivation.
Results and Discussion

Number of Fruits per Plant
The numbers of fruits per plant for both the varieties for 2010 are presented in ) and biofertilizers which increased the availability and uptake of nutrients for a longer duration. Both vermicompost and biofertilizer might have been involved in the various endogenous hormonal functions in the plant tissues which might be responsible for enhanced pollen germination and pollen tube growth and ultimately increased the fruit set as well as increased numbers of fruits per plant. Similar findings of significantly higher number of fruits per plant by integrated application of chemical fertilizer, organic manures and biofertilizers were reported by Prabhu et al. [4] in okra. Among the treatments, application of 100% RDF or 75% RDF + vermicompost @5 t ha −1 or 2.5 t ha −1 + biofertilizer proved to be the best treatment for both F1 hybrid Mahyco-10 as well as high yielding open pollinated Utkal Gaurav varieties of okra. The maximum number of fruits per plant was reported by Neeraja et al. [5] in okra due to application of organic nutrients which resulted in better vegetative growth with higher number of fruits per plant. Fatokun and Chheda [6] also observed that the increase in fruit yield was primarily due to an increase in the number of fruits per plant when the highest levels of phosphorus and nitrogen were applied.
Single Fruit Weight
From the data presented in Table 2 , it can be clearly observed that during 2010, the highest individual fruit weight (18.22 g) for Mahyco-10 was recorded in V 1 T 6 which was significantly superior to the rest of the treatments. This was followed by V 1 T 9 (17.86 g) and V 1 T 8 (17.24 g ). The lowest value (11.75 g) in the same year was recorded in V 1 T 1 . It is also seen from the table that for cv. Utkal Gaurav, the highest individual fruit weight (15.15 g) was in V 2 T 6 followed by V 2 T 8 (13.25 g) in the first year while the lowest fruit weight (7.51 g) recorded was in V 2 T 1 . However, in the second year of experiment it could be observed ( Table 3 ) that for Mahyco-10 the highest value (19.18 g) was recorded in V 1 T 6 which was significantly superior to rest of the treatments followed by V 1 T 8 (18.52 g), V 1 T 7 (17.82 g) and V 1 T 9 (17.09 g). The lowest individual fruit weight (11.48 g) was found in V 1 T 1. In the second year the highest value (15.49 g) for variety V 2 was recorded in V 2 T 6 which was significantly superior as compared to rest of the treatments followed by V 2 T 8 (14.80 g). The minimum fruit weight was recorded in the control V 2 T 1 (6.67g) which was significantly inferior to rest of the treatments.
Single fruit weight is the direct and positive contributory factor to yield per plant in okra. The better efficacy of the combined use of fertilizer sources over both sole application of inorganic fertilizers and the control might be due to availability and uptake of more plant nutrients resulting in luxuriant vegetative growth with more leaf area. This increased photosynthetic area and translocation of photosynthates in plants, subsequently accelerated the formation of more number of large sized fruits with more number of seeds per fruits resulting in increase in fruit weight. Similar results for okra were also reported by Pandey et al. [7] Naik and Srinivas [8] and Ahmed and Tanki [9] .
The favorable C:N ratio and appreciably higher contents of all the macro and micro nutrients and their ready availability for a longer period due to slow releases could be the possible reasons for spectacular influence on the fruit weight in okra. Similarly, the better efficacy of vermicompost @ 2.5 t ha-1 along with 50% RDF and seed inoculation, as evident in the studies, might be due to accumulation of mobile substances in earthworm casts [10, 11] , and increase in available N and P in okra [12] . Birbal et al. [13] found that application of nitrogen at the rate of 100 kg ha-1 significantly improved the weight of individual fruit over control. Increasing levels of K (maximum @100 kg ha-1) significantly increased the single fruit weight in okra [14] .
Yield
The highest yields (227.13 q ha −1 ) in Mahyco-10 and ) as presented in Table 3 .
There were significant differences observed in the yield due to combined application of organic and inorganic fertilizers as compared to sole application of NPK (100% or 75%) with FYM and in control (FYM @10 t ha −1 ). Dahama [15] reported that the favourable C/N ratio and optimal level of nutrients available for longer period due to slow release might be the possible reasons to influence fruit yield of okra. Edward and Daniel [16] reported that the increase in vegetative growth, yield and yield attributing characters were mainly due to translocation of nutrients and assimilation of photosynthetic activities during the crop growth stage. The activity of Azospirillum in promoting fruit yield was more pronounced, when it was enriched with decomposed organic manures. Similar reports of increased yield in okra were observed due to inoculation with Azospirillum by Parvatham and Vijayan [17] as well as by Subbiah [18] .
Inoculation of PSB secretes both organic and inorganic acids such as citric acid, formic acid, acetic acid etc., which solubilize the insoluble form of phosphorus to soluble form and make available to plants [19] . Increased growth and yield in okra due to inoculation of PSB have been reported by Anandan [20] and Prabhu et al. [4] . Combined effects of Azospirillum and PSB in increased yield of okra were reported by Gaur [21] and Poi [22] . Similar findings of increased yield due to combined effects of inorganic fertilizers, biofertilizers with FYM were reported by Patil et al. [23] , Prabhu et al. [4] and Shanthi and Vijayakumari [24] in okra. The importance of phosphorus on okra yield was reported by several scientists (Naik and Srinivas, [25] Chattopadhyay and Sahana, [26] El-Shaikh, [27] and Omotoso and Shittu, [28] ). Use of biofertilizers can replace the application of 75% of the recommended dose of nitrogen and phosphorus chemical fertilizers [29, 27] . It is evident from the experiment that the enhancement in plant growth attributes by the application of FYM, NPK 100% plus vermicompost @5 t ha −1 and the inoculation with bio-fertilizers reflected on the total pod yield.
Economics of Okra Cultivation
There is a great variation in economics of okra cultivation due to application of different levels of chemical fertilizers and vermicompost along with biofertilizers and FYM was observed and presented in Table 4 (Mahyco-10) and Table 5 (Utkal Gaurav).
Variety: Mahyco-10
The total cost of cultivation in okra cv. ) was obtained with the conjunctive use of FYM (10 t ha −1 ), inorganic fertilizer (100% NPK as chemical fertilizers) and organic manure (vermicompost) along with bio-inoculants which was however, comparable with rest of the nutrients. However, the lowest net 
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Effect of Diazotrophs and Chemical Fertilizers on Production and Economics of Okra (Abelmoschus esculentus, L.) Cultivars
Variety: Utkal Gaurav
The maximum cost of cultivation (Rs 63,550 ha −1 ) was observed in V 2 T 6 . The maximum cost was incurred when FYM(10 t ha and biofertilizers followed by V 2 T 8 (1.18 and 1.21).The lowest benefit cost ratio (1.12) was in V 2 T 3 . The benefit cost ratio indicate that the crop receiving the highest fertilizer doses which includes vermicompost and biofertilizers is the best nutrient management practices where the farmers/growers can earn Rs 1.23 and Rs 1.24 per rupee of investment followed by other treatments tried in this experiment in both the years.
There is a variation in cost of cultivation among treatments and variety due to application of varying rate of fertilizers and manures and the variation in seed cost of hybrid and open pollinated high yielding varieties. The higher gross return is ) was obtained with higher nutrient management. Application of FYM, 100% RDF with vermicompost along with inoculation of bio-fertilizer recorded significantly higher yield which is responsible for higher economic return. With respect to B:C ratio, in Mahyco-10 the studies revealed significantly higher values by application of higher dose of fertilizers as compared to the other treatments evaluated. This is obviously due to significantly higher total fruit yield with higher levels of organic manures. Similar results of higher benefit cost ratio by adoption of INM practices were also observed by Patil et al. [30] in okra.
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Conclusion
In the changing scenario, an increasing number of farmers or vegetable growers are switching over to cultivation of hybrids in India. These hybrid varieties need relatively higher quantum of plant nutrients for exhibiting their genetic potential for producing more yields. Investigations carried out for two years on the integrated use of fertilizers on okra have revealed that the cultivar "Mahyco-10 and Utkal Gaurav" could be profitably grown under Bhubaneswar agro-climatic condition with the application of 100% of recommended dose of NPK i.e., 200:100:100 kg ha ). It can be concluded that the combined application of bio-inoculants with organic manures and inorganic fertilizers enhanced the yield and yield attributing characters and received higher net return as compared to the sole application of inorganic fertilizers (100% RDF or 75% RDF) and control (FYM @10 t ha −1 ) as well.
